INTRODUCTION
Phagocytic activity is one of the major characteristics of reticuloendothelial cells, and `blockade' of the RES by overloading with particulate material has been used in this regard to study the role of phagocytic cells on defence mechanisms ' 2) There have been a number of but rather conflicting reports on the interference of RES blockading with antibacterial resistance or immune response'-9). Sabet et al. studied the effect of a large dosage of carbon particles on the specific im mune response in detail and observed a marked suppression'°" Concerning the antibody synthesis in irradiated animals, Strauch et al. have reported that non specific stimulation of rats with a small dosage of carbon particles affected the immune response favorably after irradiationl2).
We have studied the relationship between carbon dosage and the level of phag ocytic suppression in connection with the radioprotective effect of carbon particles and found that the mice treated with 10 mg of carbon particles exhibited a mod erately suppressed phagocytic activity13). This dose of carbon can protect the mice from lethal effect of radiation when given either before or after irradiation14-1s>, and stimulate the recovery of hemopoietic stem cells which are manifested as hemopoietic colonies in the spleens'). In contrast to carbon particles, injection of appropriate amount of bacterial endotoxin into animal is well known to stimulate the phagocytic activity greatly 1 '18'19) and enhance the immune responseld8 20-22> Furthermore , Smith et al. have shown that treatment with endotoxin protects animals against radiation-induced death and affects favorably the hemopoietic recovery23.24), the mode of protection being quite similar to that of carbon particlesl4-17>.
Accordingly,
it is of interest to investigate whether the RES-blockade by over loading it with carbon particles has favorable effect on immune response in the irradiated animals and especially to compare the effect with that of the bacterial endotoxin.
MATERIALS AND METHODS

Animals
Male mice of ICR-JCL strain, 8-10 weeks old at the start of the experiments, were used. Antigen
Freshly bled sheep erythrocytes (SRBC) were washed in physiological saline and used as antigen. The mice were injected i. p. with 4 x 108 cells in 0.5 ml saline immediately after irradiation.
RES Treatment
Pelikan India ink (C 11/1431 a, Gunther-Wagner, Germany) was used as block ading agent.
The method was described previously14). Bacterial endotoxin was used in order to stimulate RES. Lipopolysaccharide B from E. coli 0 111: B 4 was purchased from Difco Laboratories (U. S. A.), and diluted appropriately with phys iological saline immediately before use. Five to fify gamma-grams of bacterial endotoxin were injected into mice i. v. 24 hr before irradiation. Irradiation
Mice were irradiated with 50O R of X-rays operating at 200 kVp-20 mA with a filter of 1.0 mm Al+0.5 mm Cu at a distance of 60 cm and at a dose rate of 40 R/min.
Antibody Titration
Blood was obtained by retro-orbital puncture at various time after immuniza tion. Antibody titration was carried out on microtitre plate with phosphate-buf fered saline containing 19/0 normal mouse serum as diluent. To 0.025 ml of 2-fold serially diluted serum, the same volume of 0.25 % SRBC suspension was added and the mixture was incubated overnight at room-temperature.
The titre was recorded as the reciprocal of the highest dilution resulting in complete agglutination of the added erythrocytes.
For the determination of IgM antibody, an equal volume of 0.4 M 2-mercaptoehtanol (2 ME) was mixed with each serum and incubated for 1 hr at 3TC and then titration was carried out as described above. The activity remaining in serum treated with 2 ME was considered to be due to 2 ME resistant 7 S IgG antibody, and the difference between total titre and that of 2 ME-treated serum was considered as representing 19 S IgM antibody. In most cases, each serum sample was titrated in duplicate. As shown in Fig. 1 In both types of antibodies, the suppression seemed more significant in the delay of appearance of serum antibod ies than in the peak titres. The effect of carbon particles on the antibody synthe sis in the irradiated mice was similar to that in unirradiated control mice. In this case either, the pretreatment with carbon particles did not alter the level of IgM or IgG significantly.
These results were further confirmed by another experiment, in which SRBC were given 24 hr after irradiation.
When mice were injected with 3 mg of carbon particles, no effect was observed at all regardless of the irradiation. Fig. 2 shows the immune response in the mice treated with 1 mg carbon par ticles.
A slight enhancement in the antibody synthesis was observed in this case both for IgM and IgG types.
In the irradiated mice, carbon-treatment moved forward the appearance of IgG antibodies by approximately 4 days, indicating an earlier conversion of antibody synthesis from IgM to IgG. Fig. 3 . Previous treatment of mice with 20 µg of endotoxin caused a significant decrease in IgG response.
IgM antibody peak was also delayed . Such an effect was also observed in the irradiated mice. Treatment of mice with 10µg endotoxin had a similar but less effect both on the IgG and IgM titres.
In the mice given 5 µg endotoxin , a slight suppression was observed only in unirradiated animals.
Effect of Endotoxin on the Survival of Mice after Irradiation .
In order to determine the radioprotective dose of endotoxin (ET), 30-day-sur vival of irradiated mice was studied for various doses of ET given 24 hr before X-ray.
Results are summarized in Table 1 . Although previous administration of 20µg to 50 µg ET had a best effect , all doses tested were effective, the effect being comparable to that obtained by the treatment with more than 5 mg carbon particles.
DISCUSSION
Concerning the effect of RES-blockading agents on antibody synthesis , there have been conflicting reports' 3-11) as described in the introduction . These variable results may be related to differences in the route of administration or the concen tration of either antigen or colloidal particles. Sabet et al.1o.11) studied the effect of antigen and carbon dose in some detail, and found that immuno-suppression was induced with either 10, 20 or 30 mg carbon in mice receiving an immunizing dose of 2 x 108 or 2 x 109 SRBC. They also reported that both i . p. and i. v. injec tions of carbon resulted in suppression, regardless of the route of SRBC , but that subcutaneous injection had no effect. Strauch et al . injected 4 mg carbon suspension i. p. into rat and reported nonspecific stimulation of the antibody formation 12). If the dose is corrected to the mouse, it would be less than 0.6 mg per mouse. We have reported that the suppression of phagocytic activity was induced by the i. v. administration of more than 5 mg carbon per mouse, the suppression persisting for several days in the mice given 10 mg carbon13>. Present experiments demonstrate that injection of 10 mg carbon particles 24 hr before immunization had no effect on the antibody response regardless of irradiation, whereas the administration of 1 mg carbon particles caused a slight enhancement.
Thus, a lower dosage of block ading agents seems to result in a physiological stimulation as noted by some au thors25.26>
On the other hand, pretreatment of mice with endotoxin resulted in a signifi cant suppression of IgG antibody-formation which was accompanied by a prolonged synthesis of IgM antibody. This is in good accordance with the reports of other investigators that adjuvant is immunosuppressive when given 12 to 24 hr before antigen27`29). Such an continued formation of IgM antibody seems at least partly dependent on the presence of antigen30> and may be prolonged by certain proce dures which probably affect the degradation of antigen in macrophage3l-s3). In our previous study, on the other hand, treatment of mice with NO2 gas was shown to result in the significant suppression of IgM antibody-formation while it did not affect IgG antibody titre 34>. These findings strongly support the idea that the for mation of IgM antibody is not a necessary prerequisition for the formation of IgG antibody, as claimed by Nossal and his colleagues35)
The present experiments clearly demonstrate that the radioprotective dose of carbon particles 16) or endotoxin had slight or no favorable effect on immune re sponse after irradiation or had rather immunosuppressive effect. Accordingly, it may be concluded that the radioprotective effect of carbon-treatment is attributable to the apparent suppressive effect on the phagocytic activity induced by RES-block ade18) and enhancement of hemopoietic recovery which follows the initial RES-block ade14-17>, especially of erythroid and granuloid cell lines, but not directly related to the stimulation of the recovery of immune respones in the treated mice.
